ABSTRACT -With the expansion of areas of sugarcane cultivation, mechanised fertilisation is essential for providing improved operational performance, optimising the supply of nutrients and increasing productivity. However, this type of fertilisation may present deficiencies in the area of distribution, such as fluidity, separation, and particle size, among others. A new concept in fertilisation is therefore being developed, capable of carrying out the individual application of nitrogen, phosphorus and potassium, distributing these in various doses, with greater efficiency of application, employing precision farming and variable rates. The aim of this study was to evaluate the quality of the individual mechanised fertilisation of NPK in ratoon cane by means of Statistical Quality Control -SQC. The experiment was carried out in the city of Matão, in the State of São Paulo, with the experimental area making up part of the Cascavel Farm. The experimental design was based on the basic premise of spatial SQC, monitoring the individual mechanised fertilisation of NPK at 30 sampling points. For this treatment, the lots were composed of six rows of sugarcane, spaced 1.5 m apart, with an effective area of 1,571 m 2 . There was a sampling point every 30 m, where fertiliser was collected for 5 seconds. The helical metering system especially affected operational quality, as this was inefficient in its distribution. It was concluded that, due to adjustment of the helical metering system, individual application resulted in doses above those recommended for all fertilisers. Nitrogen (protected urea) showed the greatest variability in distribution, whereas phosphorus (MAP) displayed the highest operating quality due to the lower recommended volume.
INTRODUCTION
Brazil is the biggest sugarcane producer in the world, representing approximately two thirds of the global production. According to the gross value generated and the production area, the sugarcane crop occupies the third place in economical significance on the Brazilian agricultural market, only behind soy and corn (VOLTOLINI et al., 2012) .
For the 2014/2015 harvest, the sugarcane production in Brazil was accounted in an amount of approximately 634.8 million tones, with 9,004.5 ha of cultivated area. Compared to the previous harvest, a production loss of 3.75 was noticed, being associated to the productivity reduction of 5.7%. The production loss was not bigger due to the extension of the cultivated Brazilian area in 2.2% (CONAB, 2015) .
For Brazil to remain the biggest producer, new technologies that enable the raise of productivity must be adopted; according to Motomiya et al. (2011) , precision farming is a technique that contributes to the efficient use of fertilizers, considering the diversity of the soil and the plantations, aiming towards a more precise distribution, applying them properly, economically and with more concern for the environment.
The use of fertilizers is efficient when it considers how old the plantation is, the crop phase (cane-plant or ratoon cane), rainy period, its' physiological condition, proper season for fertilization, type of soil and the analysis result (VITTI et al., 2005) .
Due to the need for sustainable handling of agricultural fertilizers, especially in the reduction and/ or in the costs of the individualized distribution of the nutrients (NPK), studies are necessary for the variability of the mechanic fertilization process of ratoon cane.
For the monitoring of the mechanic fertilization operational quality, the statistical quality control (SQC) was used, that is, a statistical technique that analyses the quality of a given mechanic operation through control charts, histograms, Pareto chart, Ishikawa diagram, among others. Therefore, it has as a goal to check the quality in the process and the potential failures, aiming to minimize them (MILAN; FERNANDES, 2002; SILVA et al., 2013) .
Works with fertilization that individually distributes protected urea (N), MAP (P) and potassium chloride (K) in sugarcanes could not be found in the literature. This experiment may serve as a foundation for future works, through operational capacity and adopting variable rates of the fertilizers, and it may be a new factor to be analyzed, with the possibility of purchasing individually each nutrient.
With this work, the aim was to assess the quality of the individual mechanized fertilization of nitrogen, phosphorus and potassium in ratoon cane through the SQC, comparing the recommended dosage to the applied dosage and the fertilizer machine aspect.
MATERIAL AND METHODS
The experiment was developed in the municipality of Matão, São Paulo. The experimental area belongs to Fazenda Cascavel, in the geographical coordinates 21º35'55,03" S and 48º25'21,12" W and 589 m of altitude, with a history of seven years of cultivation with sugarcane.
The weather of the municipality, according to the Köppen classification, is Aw, with tropical climate and dry winter. The temperature varies between 16 ºC and 29 ºC and the rainy season is concentrated from October to March, with a total annual rainfall of approximately 1,400 mm.
The soil of the experimental area is dystrophic argisolic YELLOW LATOSOL, with average-sandy/ average texture.
The chemical soil analysis was performed after the harvest of the sugarcane. The amount of fertilizers applied was based on the result of the soil analysis, with: 160 kg ha -1 of potassium chloride -KCl (60% of K 2 O), 290 kg ha -1 of protected urea reviewed per polymer (45% of N) and 100 kg ha -1 of MAP -monoammonium phosphate (45% of P 2 O 5 and 11% of N).
The experimental area had an average length of 297.80 m, the floor area had 1,571 m 2 and at every 30 m the fertilizer was collected for five seconds in the sampling points. The cultivar planted in this area was RB 867515, in the ratoon cane stage (sixth cut). The mechanized harvest of the sugarcane has occurred between August 01 and 04, 2014.
The experimental delineation was based on the fundamental premises of the Statistical Quality Control (MONTGOMERY, 2009) throughout the space monitoring the individual mechanized fertilization of protected urea (nitrogen), MAP (phosphorus) and potassium chloride (potassium) in 30 sampling points. The installments of the treatments were composed by six sugarcane rows, equivalent to three subsequent strides of a tractor with floor area of 1,571.1346 m 2 and perimeter of 604.8986 m. The fertilizer machine (Figure 1 ) distributes the fertilizer on both sides of a row and on one side of each adjacent row. The spacing between rows of the culture was 1.5 m.
In the floor area, the sampling points were placed 50 m away compared to the beginning of The fertilizer machine used in this experiment belongs to the company BIA -Baldan that it is in development for the sugarcane line, model CAMB-AP. The fertilizer machine is composed by three individual reservoirs with capacity of 1000 kg for each fertilizer; 12 pipes conduct the NPK, facilitating their application over the soil, that is, three pipes in each side of the machine and six pipes at its center; a stem allows the mobilization of the soil, the tip with 3" of width and distance of 1500 mm between stems; and cutout disks for the incorporation of the fertilizers applied on the soil, with a diameter of 18" and 11" of spacing between disks and distance of 34" between the pairs of these disks; cutting disks -cut of the haystack of the crop to avoid the clogging of the machinery, presents a diameter of 22" and a distance of 750 mm between disks; and the spray bar for the application of herbicide.
The variable analyzed was the distributed amount of NPK fertilizers applied independently one from the other. In the whole area, the tractor used the 2nd B gear, with motor rotation of 1800 rpm and average speed of 5.7 km h -1 .
The fertilizer was collected in 30 sampling points with the help from a tool designed specifically for this aim -a metal frame with support for three measuring cups with capacity of 1000 kg. The bar of this tool has a length of 1 m, the basket of the collector glass has a length of 28", each measuring cup has a diameter of 11" and spacing between them of 13". The fertilizers were collected in each side of the fertilizer machine, called left side and right side.
The fertilizers were collected only at the sides of the fertilizer machine (left side and right side), where there are three pipes for each nutrient (protected urea -N, MAP -P and potassium chloride -K). During the operation, when the tractor arrived at the respective sampling point, the operator activated the lifting of the three-point hitch hydraulic system along with the fertilizer machine, and then the sampler is placed in the guide pipes in both sides (left/right). Afterwards, the operator activated the button to release the fertilizer for about five seconds, the collection period.
The fertilizer retained in the three recipients was placed in plastic bags identified with the following information: side of the fertilizer machine, nutrient collected and sampling point.
The statistical analysis used in this work was by means of the statistical process control (SPC), applying the descriptive analysis and control charts for the monitoring of the variability of the variables analyzed, since the larger the variability, the smaller is the quality. Besides, it allows the observing of the values outside the control limits (special causes) that affect quality, enabling the identification of the potential special causes for the correction of the failures that occurred in the process, with the aim to raise the quality with less amount of errors (SILVA et al., 2013) .
In this work, the following descriptive analysis were made: standard deviation, total range and coefficient of variation (dispersion measures); mean and median (localization measures); coefficient of skewness and kurtosis (measures of the form of distribution). It was also performed the normality test through Ryan-Joiner, checking the data distribution.
To qualify the operation of mechanized fertilization in sugarcane, control charts were used through the Statistical Process Control (SPC), assessing the operational quality of the distribution of the fertilizers. The quality of this operation was based on the variability of the data collected, since the variability is inversely proportional to quality.
The control charts are composed by the mean and median amplitude situated in the central lines, respectively, of the moving range and individual values charts. In addition, these charts also have a lower and upper control limits (LCL and UCL) resulting from the mean and standard deviation of the values analyzed per parameter, with LCL = mean = 3 times the standard deviation and UCL = mean + 3 times the standard deviation (TOLEDO et al., 2008) .
The process charts were generated through the I-MR (Individual -Moving Range), providing draw-ups of processes charts with two graphics: the first corresponds only to the individual values; in this case, the fertilizer that was collected in each sampling point. The second refers to the Moving Range, that is, the difference between the current value and the previous value, based on the individual values. The Individual Moving Range was used to draw-up charts with the sides of each nutrient that were grouped in the same chart.
The specific control limits (SCL) were determined by meetings based on agronomic concepts, aiming to meet the goals presented by the rural producer or companies. However, the upper control limits (UCL) and the lower control limits (LCL) are obtained through statistical calculations (MILAN; FERNANDES, 2002) .
The specific limits used were at 20%, aiming to provide a strict test and operational quality of 80%. Besides, these limits were stipulated by the academic technical team in partnership with the producer according to the result of the soil analysis, and they are the goal of each fertilizer (Table 1) .
RESULTS AND DISCUSSION
Below is the analysis of the efficiency of distribution of each fertilizer (protected urea, MAP and potassium chloride) through control charts and descriptive analysis.
Individual mechanized fertilization with protected urea
In the individual mechanized fertilization with protected urea, the right side (R) achieved the highest mean, with 448 kg ha -1 compared to the left side (L) with 389 kg ha -1
. The mean values were relatively close to the median values. The standard deviation was bigger in the R side with 104, therefore, the values were further away one from the other. The coefficient of variation (CV) of the right side was 23.14% e of the left side was 20.48% (Table 2 ).
According to Reis (2009) , the dispersion measures, such as standard deviation, total amplitude and coefficient of variation, show the distribution of values around the mean, having it as a reference. These measures enable the analysis of the variability of the data studied.
The skewness coefficient for the right side (R) presented negative skew distribution. However, on the left side (L), it has presented positive skew distribution. The coefficient of kurtosis of the R and L sides, in comparison, showed leptokurtic distribution with more concentrated data ( Table 2 ).
In some statistical programs, such as Minitab (MINITAB, 2007) , there is a standardization of the coefficient of kurtosis (Ck), which can be determined as: mesokurtic distribution (Ck = 0); platykurtic distribution (Ck < 0); and leptokurtic distribution (Ck > 0). In addition, the Ck classified the dispersion of the data regarding the parameter, with the mesokurtic distribution (TAVARES et al., 2015) . Noronha et al. (2011) , reported the measures of skewness through the descriptive analysis of the experiment, where the Cs presented positive and negative skew distributions, in comparison to the Ck with values next to 0. Therefore, these coefficients served as parameters to indicate the data distribution, making it possible to check the normality (or lack thereof) of the variables.
The values presented in Table 3 showed skewness in both sides, at the 5% level, through the Ryan-Joiner normality test. Noronha et al. (2011) checked in a work that analyzed the mechanized harvest that hypothesis tests, such as Shapiro-Wilk, Anderson-Darling and Kolmogorov-Smirnov, strictly analyze the normality of the variables, and most of the times, these tests reject the hypothesis of normality -therefore, they must be used with caution and wisdom.
For the control chart of the individual mechanized fertilization with protected urea, it was checked that the F. M. Carneiro et al. individual values in the left side and right side presented two points positioned out of the control limits ( Figure  3A ). In the control charts with the moving range, one point was above the upper control limit (UCL) on both sides ( Figure 3B ).
For the specific limit of individual values, in the left side, three points were within the acceptable margin, between 232 and 348 kg ha -1 of protected urea. But, in the right side, only one point was p between these limits. In the control chart of the moving range, the left side had two points in the right part, with four points between the SCL (Specific Control Limits). Therefore, the two sides of the individual values that were analyzed showed high applications of the nutrient in comparison to the recommended dosage of 290 kg ha -1 of protected urea, and also, few points were situated between the specific limits.
The control points outside the lower and upper limits (LCL and UCL) can be explained by the special causes that occurred during the conduction of this experiment, such as, supply of the reservoir with the fertilizers -NPK; larger amount of protected urea (N -nitrogen) applied in comparison to the MAP (Pphosphorus) and potassium chloride (K -potassium); in turn, it was shown a bigger variability in the protected urea in comparison to MAP and potassium chloride.
The fertilizer machine studied has an auger, and this thread, in turn, was not able to distribute the stipulated dosage efficiently; there was also a clogging in the cutout disks with the sugarcane straw; inadequate setting of the fertilizer machine; and still, this fertilizer has the smaller angle of repose in comparison to MAP and the potassium chloride, because the smaller this angle is, the bigger is the draining of the fertilizer in the dosing mechanism of the fertilizer machine.
Reynaldo (2013) tested several types of augers made in Brazil, being the most used in seeder-fertilizer machines. According to him, these dosing mechanisms showed inefficiency in the distribution of the fertilizers in longitudinal declivity, especially at 5º and 15º, based on the rotation axis of this mechanism.
The augers with a thread pitch lower than 2" showed a high variation in the distribution of fertilizers, such as, PLASA 1 (12.4%) and SEMAN 1 (26.1%). In comparison to the dosing mechanisms with a thread pitch higher than 2", the values were lower, such as the PROT 2 (around 10.4%) (REYNALDO, 2013) .
The points that were out of the control made the process more unstable, consequently reducing the operational quality. The control chart assessed the quality of the operation through the variability of the values. Therefore, it can be said that the quality is inversely proportional to the variability. Toledo et al. (2008) , analyzing losses in the mechanized soy harvest, also found the same results in the control charts, both in individual values and moving range: points out of control, caused by special cases and affecting the process, making them unstable. According to these authors, the possible special causes were: time of production, topography of the experimental area, operational expertise of the operator among others.
Individual mechanized fertilization with MAPMonoammonium phosphate
In the individual mechanized fertilization with MAP, the right side (R) achieved a mean of 172kg ha -1 -more than the left side (L), with 140 kg ha -1 and median values close to the mean values. Regarding the standard deviation, the L side was larger (40.59) compared to the R side (37.53). Therefore, the L side values were more distributed than in the R side and the CV of the L side, with 29.03%, was bigger than the R side, with 21.88%, due to the variability of the data (Table 3 ).
The skewness coefficients from the sides L and R had negative skew distribution. For the kurtosis coefficient, both sides L and R presented leptokurtic distribution with more concentrated data. Reis et al. (2015) , assessing the damaged made during the mechanized sugarcane harvest, obtained positive and negative skewness coefficients with the Table 3 -Descriptive analysis of the individual mechanized fertilization with MAP R: right side; L: left side; M: median; : standard deviation; CV: coefficient of variation; Amp: amplitude; Cs: coefficient of skewness; Ck: coefficient of kurtosis; RJ: Ryan-Joiner normality test; P: probability value through the Ryan-Joiner test; N: Normal distribution with p>0.05; A: asymmetrical distribution with p<0.05; *Means followed by the same letter do not have statistical difference, at the 10% of significance level per the Tukey test skewness degree varying from low to high; regarding the coefficient of kurtosis, platykurtic and leptokurtic distributions were observed.
Skewness and kurtosis coefficients next to 0 possibly presented symmetrical distributions. However, coefficients with data further away from 0 probably showed asymmetrical distributions (REIS, 2009; REIS et al., 2015) .
The Ryan-Joiner normality tests, at the 5% level on the right side, showed asymmetry; however the left side showed normality, because the values of this side presented a skewness coefficient next to 0 with normal distribution. In addition to these information, other measures are relevant to obtain normal distribution, with the average equal to 0 and constant variability of the data. Zerbato et al. (2014 Zerbato et al. ( , 2015 and Reis et al. (2015) also obtained similar results through the normality test with normal and asymmetrical distributions.
For the control chart of individual mechanized fertilization with MAP, it was observed a stable and controlled process in the control chart of the individual values on sides L and R, because there was no point placed out of the control limits ( Figure 4A ). However, in the control charts with moving range, a point was above the upper control limit (UCL) on both sides ( Figure 4B ).
Points out of control cause instability in the process, which can be explained by some failure during operation and must be avoided; this result was also observed by Cassia et al. (2014) , analyzing through the SQC, the damages caused by the mechanized sugarcane harvest, checking a point out of control.
For the specific limits of the individual values, on the L side ten points were situated in the acceptable margin of the specific limits. However, on the R side, two points were between these limits. In the control chart of the moving range, the L side presented two points within these limits, however, on the R side four points were between the SCL. This way, on both sides of the individual values, it was certified that the dosages were above the recommended, which was 100kg ha -1 of MAP -Monoammonium phosphate. Milan and Fernandes (2002) also applied the SPC (Statistical Process Control) in operations of soil preparation, and could check a smaller variability of its data through the control of the process charts and histograms, since its values remained close to the Specific Control Limits (SCL), stipulated by professionals. These authors emphasized how significant and relevant the use of the SPC was in the soil preparation, facilitating the tracking of the operational quality. Franck et al. (2015) analyzed the distribution of fertilizers through the activation speed and leaning of the dispenser, proving how the declivity of the terrain influences the rate of application of the nutrients in a different way per the analyzed dispenser. They also reported that the auger -gravity discharge showed more vulnerability regarding the transversal and longitudinal inclinations, resulting in low precision in the distribution of the fertilizers, while the helical mechanism -transverse discharge through overflow obtained a better distribution of fertilizers.
Individual mechanized fertilization with potassium chloride
For the individual mechanized fertilization with potassium chloride, the highest mean was on the right side (R), with 301 kg ha -1 , while on the left side (L), it was 263 kg ha -1 . The median values were close to the mean values. The standard deviation on the R side was higher (41.62) compared to the L side (33.02), and the R side values were further away one from the other than on the L side. Because of this, the CV of the R side was higher (13.84%) in comparison to the L (12.55%), due to the variability of the data (Table 4 ).
The skewness coefficients (Cs) from the L and R sides had positive skew distribution. Regarding the kurtosis coefficient, the R side presented leptikurtic distribution, but platykurtic distribution on the L part, with more concentrated values.
According to the normality test, per RyanJoiner, at a 5% level, the R side presented abnormal distribution, but the L side presented normal distribution. On the L side, the values of the skewness and kurtosis coefficients remained close to 0, presenting normal distribution. The R side presented higher values, causing impact with an asymmetrical distribution having more dispersed values. Table 4 -Descriptive analysis of the individual mechanized fertilization with potassium chloride R: right side; L: Left side; M: median; : standard deviation; CV: coefficient of variation; Amp: amplitude; Cs: coefficient of skewness; Ck: coefficient of kurtosis; RJ: Ryan-Joiner normality test; P: probability value through the Ryan-Joiner test; A: asymmetrical distribution; N: normal distribution with p>0.05; *Means followed by the same letter do not have statistical difference, at the 10% of significance level per the Tukey test Silva et al. (2013) , also proved that some of the variables analyzed had normal distribution per the normality test, therefore, these presented, in the descriptive analysis, median values close to the mean values; the standard deviation with a low value; the Cs with positive and small skew distribution; and the Ck presented leptokurtic and platykurtic distribution. These authors also mentioned the variables with positive and high skew distribution -the mean value was away from the median value and the total amplitude expressed a high variability.
For the control chart of individual mechanized fertilization with potassium chloride, it was observed a stable and controlled process in the individual values chart on the L side, because there was no point placed out of the control limits. However, on the R side there was only one point out of control, situated above the UCL, due to the influence of some special cause; as a consequence, the values become instable ( Figure 5A ). While the moving range control charts of the L side kept the SPC under control, on the R side two points were above the UCL, causing instability in the variables, and reducing the operational quality ( Figure 5B ).
For the specific limits of the control charts of individual values, on both sides no point was positioned between these limits. In the moving range control chart, the L side had no point between the specific limits, but on the R side, two points remained between the specific control limits -SCL. On both sides (L/R), the dosages were above the recommended (160 kg ha -1 of potassium chloride -KCl).
Points out of the control (UCL and LCL) in process charts were found the same way by Silva et al. (2008) in the operation of mechanized sugarcane harvest, assessing its losses, where process instability was noticed, reducing the operational quality. Reynaldo (2013) assessed different types of augers due to the inclination of the device, where it was noticed the proper distribution of the fertilizers when the machinery is positioned leveled or in a smaller declivity of the terrain, reducing the margin of error during the application of fertilizers. 
